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Dear Dr. Robert Lee, 
 
Please find enclosed the submission of the manuscript entitled “The rolling stones: an inappropriate 
surrogate for upper-abdominal image-guided radiotherapy” to be considered for publication as a 
teaching case in PRO. Potential conflicts of interest have been acknowledged and this manuscript has not 
been submitted for publication elsewhere. 
 
Gallstones are common in patients with upper abdominal cancers and as calcified structures they are 
easily visualized during image-guided radiotherapy. It may be appealing therefore to use them as 
surrogates for adjacent tumors. We present a patient who received SBRT for hepatocellular carcinoma 
where a gallstone was noted on both the planning CT and daily cone-beam CT. Our case report 
demonstrates that the gallstone undergoes substantial independent motion relative to both the liver and 
even the gallbladder, with the largest displacement of 3.7 cm in the anterior-posterior direction. 
Additionally, we visualize the daily displacements of the gallbladder, indicating the need for a sufficient 
PTV margin design to take account of these geometric uncertainties in the delivery of gallbladder 
radiotherapy. 
 
Although gallstone motion may not be surprising to clinicians, the magnitude observed here is larger than 
anticipated and this has not yet been reported in the literature to our knowledge. We believe this work 
enlightens clinicians on the importance of accurate surrogate selection and provides reflection on margin 
design in treating abdominal lesions including gallbladder radiotherapy and abdominal SBRT. 
 
Sincerely,        
 
 
Jasmine Chen, on behalf of all authors 
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 This case report analyzed the interfraction reproducibility of 
gallstone and gallbladder positions during liver SBRT.  
 The gallstone had substantial independent motion and was an 
inappropriate surrogate during image-guidance. 
 Large variations in gallbladder position also revealed the need 
for properly designed margins in the application of gallbladder 
radiotherapy. 
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The goal of stereotactic-body radiotherapy (SBRT) is to deliver highly conformal, 
escalated dose to targets, while minimizing toxicity to surrounding normal tissues. Precise target 
localization is particularly important for treatment delivery[1]. Online image-guidance using 
kilo-voltage cone beam CT (CBCT) facilitates the safe delivery of liver SBRT by offering 3-
dimensional (3D) visual confirmation of the anatomy and reduction in inter-fraction 
variability[2,3].  However, due to the low contrast resolution in the abdomen, liver tumors cannot 
always be identified on CBCT and surrogates are often used. Common surrogates used in liver 
radiotherapy include the diaphragm, whole liver interfaces, surgical clips or implanted fiducial 
markers[3]. However, implanted markers are associated with issues, such as treatment delay, risk 
of migration, surgical complications, and additional medical cost.  
Gallstone occurrence is common in the patients with upper abdominal cancers, including 
those in the liver, gallbladder, pancreas and bile duct[4-6]. Depending on its calcium content, 
gallstones may be radiopaque and easily identified on X-ray images[7,8], perhaps appearing as 
though they may be good surrogates for image guided radiation therapy of adjacent tumors. In 
this report, we present a patient who received liver SBRT for hepatocellular carcinoma (HCC) 
where a large gallstone was noted on both the planning CT and daily pre-delivery CBCT images.  
Retrospectively, inter-fraction liver, gallbladder, and gallstone motion was evaluated to assess 
positioning reproducibility of these structures and to explore the potential utility of gallstone as 
an image surrogate. Additionally, the variability in gallbladder position may provide future 




































































A 55 year old male with a background of chronic hepatitis B and cirrhosis was diagnosed 
with locally advanced hepatocellular carcinoma. He presented with a bulky liver mass (largest 
diameter measured as 14.9 cm) dominant on the right lobe, in segment 4 and 5. Due to his poor 
prognosis and limited liver reserve, he was unsuitable for surgical resection or transplantation 
and thus proceeded with liver SBRT. Presence of ascites was seen adjacent to the liver and 
gallbladder on the planning CT.  
The patient was immobilized supine, under active breath-hold in the end-exhale position 
to limit respiratory motion at planning and delivery. The gross tumor volume (GTV) included 
macroscopic disease identified on intravenous contrast-enhanced arterial phase CT and 
gadolinium-enhanced MRI. The hepatic vascular thrombus was treated in SBRT target volume. 
A 0.5 cm margin formed the planning target volume (PTV). The prescription was 30 Gy in 6 
fractions, delivered using 7 field step-and-shoot intensity modulated radiation therapy on 
alternate weekdays. Online kV-CBCT (XVI v4.5, Elekta, Stockholm, Sweden) was acquired for 
target verification prior to each fraction, using the right lobe of the liver as surrogate for the 
tumor.  
Method and Materials 
The planning CT and daily CBCTs at the treated position were reviewed retrospectively 
in the treatment planning system (RayStation v4.5.2, RaySearch Laboratories, Stockholm, 
Sweden). The liver, gallbladder and gallstone were contoured on each CBCT as follows. The 
planning CT contours were first converted to 3D volumetric meshes and propagated to each 
CBCT. Each mesh was then manually adapted through a series of translations, rotations and local 


































































reduce delineation variability on CBCT (compared to 2D slice-by-slice contouring), particularly 
important when delineating on low contrast abdominal images[9]. Peer review was conducted to 
minimize uncertainties associated with CBCT delineation.  
Anatomic point landmarks were identified on the planning CT and daily CBCT to 
quantify the inter-fraction motion. For the liver, the landmark point was placed at the centroid of 
the liver mass as it falls within GTV in this particular case on the planning CT (Figure 1). Points 
were also placed at the gallstone centroid, anterior tip of gallbladder, and the neck of gallbladder. 
Coordinates were collected for each landmark to study their spatial displacement from the 
planning positions, and relative to each other (Figure 2). Displacements and differences 
exceeding 0.5 cm (i.e. the PTV size) were deemed potentially clinically relevant.  
Results  
Liver Motion 
 The inter-fraction liver centroid displacements were less than 0.5 cm in any direction due 
to CBCT-based image-guidance, within the margins used in PTV.  
Gallbladder Motion 
The largest displacement occurred laterally with a mean displacement of 0.8 cm right for 
the anterior tip of gallbladder, and 0.7 cm right for the neck of gallbladder. The next largest 
deviation was in the superior-inferior direction, with a mean of 0.3 cm for both reference points 
(Figure 3). Differences in gallbladder motion exceeding 0.5 cm in any direction occurred in four 
out of six fractions relative to the liver. Inter-fraction motion at the tip and neck landmarks were 
well correlated for this patient, indicating minimal deformation of gallbladder itself, but a 



































































The gallstone exhibited the largest inter-fraction variations (Figure 3). The largest 
variations occurred anterior-posteriorly with a mean displacement of 2.0 cm posterior (ranging 
from 0.4 cm anterior to 3.7 cm posterior). The magnitude of deviation is much greater than 
gallbladder landmarks, illustrates that the gallstone rolls randomly inside the gallbladder. 
Displacement in gallstone exceeding 0.5 cm in any direction occurred in five out of six fractions 
relative to the gallbladder and in all six fractions relative to the liver. 
Discussion  
In SBRT and image registration of liver tumors, the liver and/or inserted fiducial markers 
are often selected as a surrogate to estimate liver base-line changes and to guide soft tissue 
registration. As calcified structures can be easily seen on X-ray images, they can contribute to a 
fast and accurate image registration if their positions are highly correlated with the actual tumor. 
Unfortunately, this is not the case with gallstones as a surrogate for liver tumors or for the 
gallbladder, as demonstrated by the independent motion of the gallstone in our report. 
One prior study analyzed intra-fractional gallbladder motion by tracking fiducial markers 
during the Cyberknife SBRT for five patients with gallbladder carcinoma.  Gallbladder 
deformation and motion were observed, with the largest motion in the superior-inferior 
direction[10]. In the present case study, the largest inter-fraction observed motion was lateral, 
although equally at the anterior tip and at the neck of gallbladder, suggesting organ stability was 
affected by the surrounding ascites. The magnitude of this motion however, may partially 
explain difficulties in prior attempts to establish a dose-response relationship for gallbladder 



































































Although the observation in gallstone motion is not surprising to clinicians, our report 
suggests that the gallstone moves independently of both the liver and gallbladder. Therefore, it is 
not a reliable imaging surrogate for delivery of liver or gallbladder radiotherapy. Similarly, we 
visualized daily displacement of the gallbladder, indicating the need for a sufficient PTV margin 
to take account of these geometric uncertainties in the delivery of gallbladder radiotherapy. It is 
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Figure 1. Histologically proven hepatocellular carcinoma in segment 4 and 5 and the reference 
landmark at liver (yellow) centroid in comparison to GTV (red) location and GTV centroid (red) 
 
 
Figure 2. Plan CT and the fusion images of plan CT (orange) and daily CBCT from fraction 1,4 
and 6 (blue).The contours of liver (yellow), gallstone (black), and gallbladder (white) are shown, 
following liver-liver alignment. Reference points were placed at the anterior tip of gallbladder, 
center of gallstone, and neck of gallbladder. 
 
 
Figure 3. Daily displacements of anatomic landmarks on CBCT following liver-liver alignment. 




Plan CT Fraction 1
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